A common form of multidrug resistance (MDR) in human cancer is associated with the expression of the mdrl gene, which appears to be a major impediment to more successful cancer chemotherapy (Pastan, 1987) . Whereas a large number of drugs, the prototype of which is verapamil, have now been identified which can modify the MDR phenotype in vitro, target plasma levels predicted from tissue culture data are commonly non-achievable or too toxic in vivo (Plumb et al., 1990 ). An atttractive alternative MDR modulating agent currently undergoing clinical investigation, is the D-isomer of the marketed drug verapamil (a racemic DL mixture), which is characterised by equal resistance reverting potential but at least 3-fold less cardiovascular activity (Bisset et al., 1991) . Preliminary data of clinical trials involving D-verapamil (DVPM) in the treatment of colorectal (Kornek et al., 1992) and pancreatic cancer (unpublished data) suggest a possible enhancement of anthracycline-related myelotoxicity. The potential for a pharmacokinetic interaction between DVPM and epirubicin has therefore been investigated in a pilot study.
Patients and methods
Six patients (four male, two female; median age 57 years) with histologically confirmed advanced colorectal cancer were studied. All patients had a World Health Organization (WHO) (Knoll AG, Ludwigshafen, Germany) was taken at a dose of 300 mg every 6 h for three consecutive days, and epirubicin was administered 1 h after the morning dose of DVPM on day 2. Intermittent venous sampling was conducted thereafter for 8 h. Serum levels of epirubicin were analysed blinded to the treatment using solidphase extraction and reversed-phase high-performance liquid chromatography (HPLC) (Czejka, 1988) . D-verapamil and its metabolite D-norverapamil were determined by an HPLC assay with fluorescence detection (Buehler) . All plasma concentration data used for pharmacokinetic calculations were mean values of duplicate analysis. All patients gave informed consent before entering the study, in accordance with the guidelines of the ethics committee of the University of Vienna.
Results
Paired kinetic data were available for all six subjects. The mean (± s.d.) epirubicin concentration-time decay curves are shown in Figure 1 , whereas the pharamacokinetic parameters for individual patients are summarised in Table I . These data suggest that combined treatment with DVPM causes a reduction of the initial CO-level of epirubicin, the area under the curve (AUC) and the biological half-life, while the volume of distribution at steady-state is unchanged, and the total plasma clearance is increased. Although we can not exclude errors in significancy for statistical analysis due to the small number of patients involved in this cross-over study, there appear to exist significant differences in CO(P = 0.015), and terminal half-life (P = 0.003). Since anthracyclines are eliminated very slowly from the central compartment (approximately 30 h), and the observed time interval in our study was only 8 h, the apparent significant difference in terminal half-life seems to be related mainly to the distribution and not to the elimination phase. The change of the hybride constant A, representing the distribution phase, in fact, was of borderline significance (P = 0.07).
Plasma levels of both DVPM (2.18 ± 1.56 Lml ') and Dnorverapamil (1.57 ± 0.99 tml'1) measured at the time of epirubicin administration showed considerable interpatient variability, though values were within the range described previously for a daily dose of 1200 mg DVPM (Bisset et al., 1991) . When the parent compound and active metabolite (Merry et al., 1989) levels are combined, a mean value of 3.74 Lml ' (range, 1.76 to 7.27 gml-') was achieved. The incidence of non-hematologic side effects was comparable in these patients for each course of chemotherapy, independent of DVPM administration. The mean nadir granulocyte count (day 14 of the cycle), however, tended to be lower for the combined treatment with DVPM (1,734Jl1-') than for epirubicin alone (2,873 -l') (P<0.05, Mann Whitney U-test). 
Discussion
It would appear from this pilot study on a small number of patients that there is the potential for a significant change in the pharmacokinetics of epirubicin caused by DVPM. Our data suggest that combining epirubicin with DVPM might enhance the distribution of epirubicin from the serum and alter its disposition. Based on chromatograms, a change of the metabolic pattern of the anthracycline in serum through DVPM could be ruled out (data not shown). It seems noteworthy that a pharmacokinetic interaction has been reported previously for verapamil and doxorubicin (Kerr et al., 1986) . The rather divergent influence of the racemic mixture verapamil used in that study on various kinetic parameters of the anthracycline might at least partially be explained by different pharmacological properties of the D-and L-isomer, including electrophysiologic effects (Echizen et al., 1985) , protein binding, volume of distribution and clearance , as well as first-pass metabolism . Another factor to be considered is that the dose of D-verapamil in this study is significantly higher than the dose of racemic verapamil in the study of Kerr and co-workers. Whether the enhanced level of myelotoxicity noticed in this pilot as well as our clinical phase II studies of DVPM plus anthracyclines (including more than 30 colorectal and pancreatic cancer patients by now) can soley be explained through the described pharmacokinetic interaction, or whether an inhibition of drug efflux from normal cells plays an additional role, remains uncertain. Nevertheless, if DVPM is taken further as a resistance modulator, the pharmacokinetic interaction with epirubicin (and probably also with other anthracyclines) should be further determined and be taken into consideration in the design and analysis of clinical studies with respect both to toxicity and to tumour response.
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